Background: Classical teaching dictates that follicular adenoma (FA) can be distinguished from follicular carcinoma (FC) based on histologic features only. We retrospectively reviewed our institution's 10-year experience in the use of fine-needle aspiration (FNA) to diagnose follicular thyroid neoplasms. Methods: Patients who had FNA of a thyroid neoplasm from 2000 to 2010 were reviewed. Diagnoses of FA, FC, or follicular neoplasm-not otherwise specified (NOS) were included. Cytopathological results were correlated with surgical pathology. Results: Of 138 patients, 65% underwent surgery. FNA diagnosis for FA had a sensitivity of 50% and specificity of 71%. 25% of patients with an FNA diagnosis of FA were found to have cancer after surgical specimen examination. FNA diagnosis for FC had a sensitivity of 60% and specificity of 94%. Conclusions: FNA has a low sensitivity for diagnosing FA. Surgical pathology remains the gold standard for differentiating follicular carcinoma from adenoma.
Introduction
Fine-needle aspiration (FNA) has become a prominent diagnostic modality in evaluating many masses in the head and neck. For thyroid disease, FNA has become the initial step in the management of thyroid nodules. The primary purpose of FNA is to provide a rational guideline for the management of patients with thyroid nodules and to allow surgical planning for those requiring surgery. FNA is relatively easy to perform, cost effective, and a non-traumatic procedure to help evaluate any nodule larger than 1 cm in diameter or deemed suspicious on ultrasound [1, 2] . Before the routine use of FNA in preoperative workup, only 14% of surgically resected thyroid nodules were found to be malignant [3, 4] .
FNA cytology has proven to be highly effective in diagnosing papillary thyroid cancer with a sensitivity and specificity approaching 98% [5] . Papillary thyroid cancer is the only thyroid malignancy that is diagnosed based on its nuclear morphology regardless of cytoplasmic features, growth pattern, special stains, and immunohistochemical markers.
The application of FNA to the diagnosis and management of follicular patterned lesions has been more controversial because distinguishing these lesions requires histological evidence of capsular or vascular invasion and metastasis [4] . Currently, no consensus exists on distinguishing follicular carcinoma (FC) from benign follicular adenoma (FA) using FNA alone. Thus all patients with large follicular epithelial cells on FNA are recommended to undergo a diagnostic lobectomy to further evaluate the thyroid nodule.
The spectrum of follicular patterned thyroid lesions is broad (Figure 1 ) [1] ,and a variety of classification schemes have been used in their analysis (Figure 2 ) [2, [6] [7] [8] . Various terms used in these schemes include "follicular lesion," "atypical follicular lesion," and "follicular neoplasm." The American Thyroid Association (ATA) and the American Association of Clinical Endocrinologists (AACE) have proposed the term "indeterminate for malignancy." The most widely accepted classification system is commonly referred to as the Bethesda system which was proposed by the National Cancer Institute in 2008 (Figure 2) . The interpretation of follicular thyroid lesions is somewhat unique in our institution. Some pathologists believe a confident diagnosis of follicular thyroid cancer can be made based on cytological evaluation alone, supported by a study in which of 158 lesions cytologically interpreted as benign adenoma, 82% were confirmed to be benign after surgical excision [3] . This same study also showed that of 52 FCs diagnosed histologically, 36 (70%) were either suspected or diagnosed cytologically.
The gold standard for diagnosis of follicular carcinoma requires formal histological evaluation of the capsule to identify invasion. However, some institutions, including ours, utilize cytopathological analysis to differentiate follicular adenoma and carcinoma, with the primary purpose to decrease unnecessary thyroidectomies. We sought to evaluate this practice at our institution retrospectively by using an evidence-based approach to determine its validity.
Materials and Methods
A database search was performed of all patients who underwent FNA of the thyroid gland at our urban tertiary care hospital between 2000 and 2010. Institutional Review Board approval was obtained. Written informed consent was not required as unique patient identifiers were not used in this study. All patients who were diagnosed with papillary thyroid cancer or nodular goiter based on cytology alone were excluded. The charts of all patients whose diagnosis showed any type of follicular neoplasm were further reviewed. Data collected included age, gender, date of FNA, whether the patient had surgery, and, if so, date of surgery, and type of surgery performed.
Cytopathological diagnoses were grouped into three categories to simplify analysis: 1) definitive diagnosis of FA; 2) definitive diagnosis of FC; and 3) follicular neoplasm-not otherwise specified (NOS). For simplicity of data analysis, all hurthle cell tumors were classified as follicular tumors. Thus, a diagnosis of hurthle cell adenoma was included in category 1 while that of hurthle cell carcinoma was included in category 2. To maintain consistency, phrases in the cytopathology report such as "most consistent with" or "strongly suggestive of" were placed into one of the definitive diagnostic categories (category 1 or 2). Category 3 included cases where "possibility" of a diagnosis was noted in the report and the pathologist would not commit to benign versus malignant diagnosis. For patients who subsequently underwent lobectomy or total thyroidectomy, surgical pathology reports were reviewed to determine if the final histological diagnosis correlated with the aforementioned cytopathologic diagnostic categories.
Chi-square or Fisher Exact test was used to study the association between preoperative FNA diagnosis, the patients who underwent surgery, and FNA confirmation via pathological evaluation after surgery. Sensitivity and specificity were calculated between the FNA diagnosis and its confirmation.
Results
A total of 138 patients met inclusion criteria for the study. The mean age of patients was 54 years, with 72% being female. Of 91 patients (66%) who underwent surgery, final histological reports were available in 89. Of these 89 patients, 74 (83%) underwent a total thyroidectomy. Surgery was performed on average 3.8 months after FNA. The distribution of FNA results is shown in Figure 3 . Approximately two-thirds (90 patients) were diagnosed with FA. Of these, 48 patients ( 53%) went on to have surgery with a majority (80%) undergoing total thyroidectomy. Surgical pathology results are shown in Figure 4 . The diagnosis of FA was confirmed in only 50% of patients, and a diagnosis of carcinoma, either follicular or papillary, occurred in only 25%. Overall, FNA diagnosis for FA had a sensitivity of 50% and a specificity of 71%. of FA, FC, papillary carcinoma, and nodular goiter. A total of 47 patients did not undergo any surgical intervention after their FNA diagnosis. A thorough chart review was performed on these patients. Twenty-four patients had no further follow-up within our health system, and we were not able to contact them. Surgery was subsequently recommended by the endocrinologists in eight patients; two of these patients refused surgery while the other six did not undergo surgery for unknown rea-sons. An additional seven patients were recommended to undergo observational management and no further thyroid work-up was performed. Two patients underwent repeat FNA's; both patients were initially diagnosed with FA and repeat FNA showed chronic lymphocytic thyroiditis in one patient and was non-diagnostic in the other. Two patients are being followed with regular ultrasound while four patients died of unrelated causes.
Discussion
The gold standard of differentiating FA versus FC is surgical pathology. In an attempt to decrease unnecessary thyroid surgery for lesions that turn out to be benign FA, some cytopathologists utilize nuclear features of cells to make the distinction between FA and FC on FNA [3] . In our institutional review of all thyroid FNA diagnoses over 10 years, selecting only cases with cytologic diagnosis of the defined categories, a diagnosis of FC was uncommon (only 10 cases [7% overall]). This may reflect the decrease in overall incidence of FC in the past decade due to iodine supplementation and also may represent the selection preference of some pathologists at our institution to include this diagnosis in follicular neoplasm-NOS. This issue highlights the inherent difficulty with use of non-uniform reporting of follicular lesions. Of these 10 patients, six were proven to have FC, two to be a follicular variant of papillary carcinoma (FVPC), and two FA. Although the number of cases is small, 20% deemed FC on cytology were in fact benign.
In the group diagnosed cytologically as FA, 24 cases (50%) proved to be FA whereas 12 (25%) proved to be nodular goiter and 11 (24%) represented papillary carcinoma. One case was FC. A discrepancy occurred in half of the diagnoses initially thought to be adenoma. Based on this finding, if a clinician decides on conservative management in patients cytologically diagnosed with FA, there will be a 25% missed cancer rate.
Due to the inherent limitation in differentiating adenoma from carcinoma in cytologic preparation (FNA), some authors have suggested that follicular neoplasms can be stratified into two broad categories based on certain clinical parameters: those with high risk of malignnancy and those that can be managed by clinical observation [9] [10] [11] . Tyler et al. found that follicular neoplasms in patients older than 50 years had a higher risk of malignancy (40%) compared to younger patients [11] . In a study of 167 patients with a diagnosis of "follicular neoplasm," Baloch et al. found a higher risk for malignnancy if the patient was male, older than 40 years, or the nodule was larger than 3.0 cm in size [12] . Schlinkert et al. studied 219 patients diagnosed as "suspicious for follicular neoplasm" and found that the characteristics of larger nodule size, fixation of the mass, and younger age were associated with a higher risk of malignancy [9] .
It appears unlikely that the armamentarium of pathologists can serve to improve the specificity for diagnosing malignancy in non-papillary follicular lesions if morphologic criteria alone are used. Many investigators have attempted the use of ancillary techniques including immunohistochemistry and molecular markers to increase the accuracy of cytologic diagnosis in follicular neoplasms.
In addition to clinical parameters, immunohistochemical stains have been studied, including cytokeratin 19, Galectin-3, HBME-1, and Leu MI. Studies have shown significant overlap between benign and malignant lesions [13] [14] [15] [16] [17] [18] . Overall, these studies are inconclusive and hindered by many limitations. Recently molecular markers have also been utilized to diagnose malignant thyroid lesions. Most of the studies were done on histological section while only a few have involved cytologic material. These markers include Ret-PTC translocation, BRAF mutation, K-ras and others [19] [20] [21] [22] [23] [24] . In summary, unless larger studies are done specifically utilizing molecular markers in FNA material, clinical and cytological features remain the mainstay for diagnosis of follicular thyroid lesions.
Due to the known limitations of cytological diagnosis in follicular lesions and variability in terminology of diagnostic categories, the National Cancer Institute (NCI) hosted the "NCI thyroid FNA state of the science" conference in 2009. This led to the development of the Bethesda system for reporting thyroid cytopathology. In this system, a category of follicular neoplasm or "suspicious" for follicular neoplasm was created to describe a cellular aspirate showing a follicular patterned lesion that lacks the classical features of papillary carcinoma or any other frank malignant features. This category is intended to include cases with FA, FC, FVPC, and even hyperplastic nodules such as nodular goiter [25] .
Our study has several drawbacks. Only 65% of the initial cohort went on to have surgery. Thus the diagnostic accuracy of 35% of our patients remains unknown. We believe this large percentage is due to an institutional bias. Though surgery was recommended in some of these patients, the majority did not have significant follow-up within our health system. The non-uniform reporting of follicular lesions by our institution's pathologists, including many patients who were given a definitive diagnosis of follicular adenoma, may have led to these patients not being referred to surgery. Additionally, no clinical features, such as age or size of the nodule, were used in the statistical analysis. It is well known that larger sized nodules as well as older patient age are both risk factors for a diagnosis of carcinoma.
There were two primary purposes of this study. First was to assess our unique institutional preference to cate-gorize benign versus malignant follicular lesions based on cytopathological diagnosis. The results of this study show that it is not yet possible to accurately differentiate FA from FC on cytology alone. The second purpose is to achieve institutional change in the way cytopathologists report follicular lesions and perhaps also in the clinical practice of endocrinologists and surgeons. As a result of this study, our institution has adopted the Bethesda system for reporting thyroid cytopathology. Clinicians have also become more aware that the distinction between benign and malignant follicular lesions is not possible based on cytopathology alone. Future studies regarding the effects of these changes are ongoing to assess their impact on the number and type of thyroid surgeries performed.
Conclusion
Our results reveal that FNA has a relatively low sensitiveity and specificity for diagnosing FA. We conclude that a definitive diagnosis beyond follicular neoplasm-NOS is difficult based on FNA alone and histologic evaluation remains the gold standard. These lesions should be reported as follicular neoplasm-NOS which should prompt an appropriately planned surgical excision. Only then can a definitive histologic diagnosis be made which will help decide further management.
